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The dioxaphospholane ring in the title compound, C 2 oH 17 0 3 P, 
adopts an envelope conformation about one of the ring 
carbons. The benzene rings of the compound do not form face- 
to-face tz-tz interactions, instead weak C— H- • -tz interactions 
occur between adjacent molecules. The methine H atoms on 
the dioxaphospholane ring form weak C— H- ■ O hydrogen 
bonds to the oxide group of an adjacent molecule. 

Related literature 

For the synthesis of the title compound and isomeric forms, 
see: Ovchinnikov et al. (1979, 1995); Chauvin (1990). For 
related structures of dioxaphospholane oxides, see: Hoppe et 
al. (1985); Ananikov et al. (2010); Han et al. (2008). 




Experimental 

Crystal data 

QoHwOjP 
M, = 336.31 
Monoclinic, P2 i /c 
a = 16.744 (12) A 



Z = 4 

Mo Ka radiation 
li = 0.18 mm" 1 

Data collection 

Rigaku Mercury CCD 
dif (Tactometer 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2010) 
r,^ = 0.435, r max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.090 

wR(F 2 ) = 0.256 

S = 1.01 

3462 reflections 



T = 93 K 

0.20 x 0.01 x 0.01 mm 



10244 measured reflections 
3462 independent reflections 
2034 reflections with / > 2cr(7) 
R,„. = 0.109 



217 parameters 

H-atom parameters constrained 
Ap„ax = 0.41 e A~ 3 
Ap mi „ = -0.53 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 
Cgl is the centroid of the C15-C20 ring. 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


Cl-Hl-03 1 


1.00 


2.59 


3.248 (5) 


123 (3) 


C2-H2- ■ 03' 


1.00 


2.29 


3.115 (5) 


139 (3) 


C12-H12- ■ Cgl" 


0.95 


2.94 


3.838 (5) 


158 (3) 


C12-H12---C18" 


0.95 


2.83 


3.585 (6) 


138 (3) 


Symmetry codes: (i) x, y - 


p l,z; (ii) -x- 


rl,y + |, -z- 


Hi- 





b = 6.098 (4) A 
c = 17.300 (13) A 
P = 111.810 (15)° 
V = 1640 (2) A 3 



Data collection: CrystalClear (Rigaku, 2010); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SIR2004 (Burla et al, 2005); program(s) used to refine 
structure: SHELXTL (Sheldrick, 2008); molecular graphics: 
SHELXTL\ software used to prepare material for publication: 
SHELXTL. 

The authors are grateful to the University of St Andrews 
and the Engineering and Physical Science Research Council 
(EPSRC, UK) for financial support. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2429). 
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2,4,5-Triphenyl-l,3,2-dioxaphospholan-2-one 

D. B. Cordes, G. Hua, A. M. Z. Slawin and J. D. Woollins 

Comment 

The previously known title compound (Ovchinnikov et al, 1995) has been prepared by the reaction of Woollins' reagent 
with l,2-diphenylethane-l,2-diol. The resulting dioxaphospholane ring in the title compound is similar to the only three 
structurally known phospholanes, bond lengths about P being very similar (P — O, 1.586-1.604 A, P=0, 1.461-1.467 A, 
P — C, 1.765-1.815 A; Hoppe et al, 1985, Han et al, 2008 and Ananikov et al, 2010). The dioxaphospholane ring dis- 
plays an envelope conformation about CI, the torsion angles 02 — PI — 01 — CI and PI — 02 — C2 — CI being 19.0 (2) and 
-18.8 (3) °, respectively. The phenyl rings in the title compound do not form face-to-face jt-jt interactions, instead weak 
CH- -7I interactions result at a distance of 2.94 (5) A. The phospholane oxide oxygen forms weak hydrogen bonds with the 
HI and H2 H atoms, at distances of 2.29 (4) and 2.59 (4) A forming chains along the [0 1 0] direction. 

Experimental 

A mixture of diphenylethane-l,2-diol (0.214 g, 1.0 mmol) and Woollins' reagent (0.54 g, 1.0 mmol) in 20 ml of dry toluene 
was stirred at room temperature for 3 h. Then the mixture was heated to 60 °C with stirring for 2 h. The red suspension 
disappeared and a grayish-green solution formed. Following cooling to room temperature and removal of the solvent in 
vacuuo the residue was purified by silica gel column chromatography (dichloromethane eluent) to give the title compound 
as a pale green solid in low yield (0.055 g, 14%). Crystals suitable for X-ray structure determination were obtained from 

the diffusion of hexane into a dichloromethane solution of the title compound. Selected IR (KBr, cm" 1 ): 1439(w), 1269(m), 

1133(m), 992(4 870(m), 840(w), 716(s), 693(4 510(m). ! H NMR (CD 2 C1 2 , 5), 8.06-7.94 (m, 2H, ArH), 7.71-7.55 (m, 

2H, ArH), 7.23-7.05 (m, 11H, ArH), 5.88 (m, J= 9.1 Hz, 2H, CH) p.p.m.. I3 C NMR (CD 2 C1 2 , 5), 134.4, 131.9, 130.9, 

130.6, 129.1, 128.4, 128.1, 126.8, 83.9 (COO) p.p.m.. 31 P NMR (CD 2 C1 2 , 5), 34.88 p.p.m.. 

Refinement 

All the crystals chosen appeared to be poorly diffracting at higher angles, with missing independent data in the experimentally 
measured range. All H atoms were included in calculated positions (C — H distances are 1 .00 A for methine H atoms and 
0.95 A for phenyl H atoms) and refined as riding atoms with C/; S0 (H) = 1.2 (7 e q(parent atom). 
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Figures 




Fig. 1. The structure of the title compound with displacement ellipsoids drawn at the 50% 
probability level. 



2,4,5-Triphenyl-1,3,2-dioxaphospholan-2-one 



Crystal data 
C 2 oHi 7 0 3 P 
M r = 336.31 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 16.744 (12) A 
b = 6.098 (4) A 
c= 17.300 (13) A 
P= 111.810 (15)° 
V= 1640 (2) A 3 
Z=4 



F{0Q0) = 704 

D x = 1.362 MgnT 3 

Mo i&x radiation, X. = 0.71073 A 

Cell parameters from 4362 reflections 

6 = 2.1-28.5° 

H = 0.18 mm -1 
7=93 K 
Needle, colorless 
0.20 x 0.01 x 0.01 mm 



Data collection 

Rigaku Mercury CCD 
diffractometer 

Radiation source: rotating anode 
confocal 

Detector resolution: 14.7059 pixels mm" 
co and tp scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku, 2010) 

r min = 0.435, r max = l.ooo 

10244 measured reflections 



3462 independent reflections 

2034 reflections with / > 2a(7) 
R^= 0.109 

6max = 28.6°, 6 m j n = 1.3° 

A = -18-»21 
k = -8^7 
/ = -22-.-19 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 1 > 2o{F 2 )] = 0.090 
wR(F 2 ) = 0.256 

S= 1.01 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[o 2 (f 0 2 ) + (0.1305P) 2 ] 
where P = (F 0 2 + 2F c 2 )/3 
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3462 reflections 
217 parameters 
0 restraints 



(A/0) max < 0.001 
Ap max = 0.41 e A~" 
Apmin = -0.53 e A 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 




PI 


0.10931 (6) 


0.10326 (17) 


0.61793 (7) 


0.0392 (4) 


01 


0.18993 (16) 


0.1930 (4) 


0.69493 (17) 


0.0423 (7) 


02 


0.11788 (15) 


0.2675 (4) 


0.54921 (16) 


0.0392 (7) 


03 


0.11527 (17) 


-0.1319(4) 


0.6046 (2) 


0.0498 (8) 


CI 


0.2142 (2) 


0.4112(6) 


0.6780 (2) 


0.0356 (9) 


HI 


0.1770 


0.5201 


0.6920 


0.043* 


C2 


0.1911 (2) 


0.4166 (6) 


0.5822 (2) 


0.0364 (9) 


H2 


0.1701 


0.5677 


0.5623 


0.044* 


C3 


0.0125 (2) 


0.1775 (6) 


0.6301 (2) 


0.0372 (9) 


C4 


-0.0305 (3) 


0.0204 (6) 


0.6596 (3) 


0.0419 (10) 


H4 


-0.0079 


-0.1240 


0.6713 


0.050* 


C5 


-0.1057 (3) 


0.0729 (7) 


0.6720 (3) 


0.0441 (10) 


H5 


-0.1338 


-0.0340 


0.6928 


0.053* 


C6 


-0.1395 (2) 


0.2845 (7) 


0.6535 (3) 


0.0431 (10) 


H6 


-0.1914 


0.3209 


0.6609 


0.052* 


C7 


-0.0975 (2) 


0.4423 (7) 


0.6243 (3) 


0.0410 (9) 


H7 


-0.1204 


0.5864 


0.6124 


0.049* 


C8 


-0.0221 (2) 


0.3888 (6) 


0.6125 (3) 


0.0385 (9) 


H8 


0.0062 


0.4967 


0.5923 


0.046* 


C9 


0.3069 (2) 


0.4558 (6) 


0.7331 (2) 


0.0362 (9) 


C10 


0.3694 (2) 


0.2941 (7) 


0.7478 (2) 


0.0406 (9) 


H10 


0.3546 


0.1538 


0.7227 


0.049* 


Cll 


0.4540 (3) 


0.3391 (7) 


0.7996 (3) 


0.0425 (10) 


Hll 


0.4967 


0.2283 


0.8100 


0.051* 


C12 


0.4766 (3) 


0.5434 (7) 


0.8360 (3) 


0.0479 (11) 


H12 


0.5343 


0.5725 


0.8714 


0.057* 


C13 


0.4146 (3) 


0.7049 (7) 


0.8205 (3) 


0.0499(11) 


H13 


0.4298 


0.8455 


0.8452 


0.060* 


C14 


0.3300 (3) 


0.6616(6) 


0.7686 (3) 


0.0434 (10) 
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u\ a 
H14 


A TOTO 

U.26 /6 


a nil "7 


A "7C"7C 

0. /5 /5 


a nci * 
U.U52* 


CO 




U.3D51 (0) 


U._>452 (2) 


U.U3JD (y ) 


C16 


U.262U (2) 


U.1556 (/) 


A CI k n\ 

U.5115 (3) 


A A A AC /A\ 
U.U4U5 (V) 


rllo 


U.223U 


A A/1 "3 A 

U.U43U 


U.M21 


A A/1A* 

u.u4y 


CI / 


U.3216 (3) 


A 1 1 O 1 /"7\ 

U.llol (/) 


A /I "7/1 A 

U.4 /4U (3) 


A A/1 "7 C / 1 1 \ 

U.U4/5 (11) 


HI / 


a mc 
U.3225 


A A 1 (1? 


A /I A Q7 
U.446 / 


A AC"7* 


C18 


0.3789 (3) 


0.2794 (8) 


0.4737 (3) 


0.0513 (11) 


H18 


0.4190 


0.2531 


0.4477 


0.062* 


C19 


0.3784 (3) 


0.4806 (7) 


0.5111 (3) 


0.0494(11) 


H19 


0.4186 


0.5910 


0.5117 


0.059* 


C20 


0.3185 (2) 


0.5192 (6) 


0.5477 (3) 


0.0416(10) 


H20 


0.3177 


0.6575 


0.5727 


0.050* 



Atomic displacement parameters (A 2 ) 





U 


u 


U 


u 


u 


U 


PI 


A A A A 1 /""7\ 

0.0441 (7) 


r\ r\'-tr\/~ (r\ 

0.0296 (6) 


A A A T O /"7\ 

0.0438 (7) 


A AA'* 1 / A \ 

0.0021 (4) 


A A 1 /" ~\ / e\ 

0.0162 (5) 


A AAA O f A\ 

0.0008 (4) 


Ol 


0.0442 (15) 


A AT A C /1 ^ 

0.0345 (15) 


A A A CA / 1 0\ 

0.0459 (18) 


A A A I 1 /I 1\ 

-0.0013 (12) 


A A1 APt f 1 l Y\ 

0.0140 (13) 


A AAAT /I 1\ 

0.0093 (12) 


02 


0.0440 (16) 


A AT r C / 1 c\ 

0.0365 (15) 


A AT HC\ / 1 r\ 

0.0369 (16) 


A AAT T / 1 '1\ 

-0.0033 (12) 


A A 1 A O / 1 T\ 

0.0148 (12) 


A AAAT / 1 1\ 

0.0003 (12) 


03 


0.0563 (18) 


0.0260 (15) 


0.070 (2) 


0.0028 (12) 


0.0273 (16) 


-0.0024 (13) 


CI 


0.050 (2) 


0.0274 (19) 


0.033 (2) 


0.0038 (16) 


0.0199(18) 


0.0019 (15) 


C2 


0.037 (2) 


0.033 (2) 


0.039 (2) 


0.0013 (16) 


0.0141 (17) 


0.0017(17) 


C3 


0.048 (2) 


0.028 (2) 


0.029 (2) 


-0.0025 (17) 


0.0077 (17) 


-0.0065 (15) 


C4 


0.046 (2) 


0.037 (2) 


0.038 (2) 


-0.0028 (18) 


0.0108 (18) 


0.0037 (17) 


C5 


0.053 (2) 


0.043 (2) 


0.037 (2) 


-0.0083 (19) 


0.0184 (19) 


0.0030 (18) 


C6 


0.037 (2) 


0.052 (3) 


0.041 (3) 


-0.0032 (18) 


0.0157(18) 


-0.0034 (19) 


C7 


0.044 (2) 


0.037 (2) 


0.038 (2) 


-0.0005 (18) 


0.0103 (18) 


-0.0017(17) 


C8 


0.040 (2) 


0.038 (2) 


0.036 (2) 


-0.0002 (17) 


0.0114 (17) 


0.0007 (17) 


C9 


0.045 (2) 


0.036 (2) 


0.029 (2) 


0.0000 (17) 


0.0162(17) 


-0.0018(16) 


C10 


0.050 (2) 


0.040 (2) 


0.035 (2) 


-0.0019 (18) 


0.0189(19) 


-0.0010 (17) 


Cll 


0.046 (2) 


0.049 (3) 


0.032 (2) 


-0.0002 (19) 


0.0150(18) 


0.0041 (18) 


C12 


0.050 (2) 


0.054 (3) 


0.036 (3) 


-0.013 (2) 


0.0117(19) 


-0.004 (2) 


C13 


0.063 (3) 


0.042 (3) 


0.048 (3) 


-0.015 (2) 


0.023 (2) 


-0.010 (2) 


C14 


0.054 (3) 


0.036 (2) 


0.043 (3) 


-0.0036 (18) 


0.022 (2) 


-0.0031 (18) 


C15 


0.044 (2) 


0.034 (2) 


0.029 (2) 


0.0040(17) 


0.0139(17) 


0.0012(15) 


C16 


0.042 (2) 


0.041 (2) 


0.037 (2) 


0.0006 (17) 


0.0127 (18) 


-0.0045 (17) 


C17 


0.054 (3) 


0.050 (3) 


0.038 (3) 


0.013 (2) 


0.017(2) 


-0.0046 (19) 


C18 


0.052 (3) 


0.066 (3) 


0.040 (3) 


0.008 (2) 


0.021 (2) 


0.004 (2) 


C19 


0.048 (2) 


0.055 (3) 


0.046 (3) 


-0.002 (2) 


0.018(2) 


0.009 (2) 


C20 


0.048 (2) 


0.036 (2) 


0.042 (3) 


-0.0039 (18) 


0.0185 (19) 


0.0004 (17) 



Geometric parameters (A, °) 

PI— 03 
PI— Ol 
PI— 02 
PI— C3 

01— CI 

02— C2 



1.462 (3) 
1.600(3) 
1.601 (3) 
1.769 (4) 
1.452 (4) 
1.461 (4) 



C9— C14 
C9— C10 
C10— Cll 
C10— H10 
Cll— C12 
Cll— Hll 



1.388 (5) 

1.392 (5) 

1.393 (6) 
0.9500 
1.384 (6) 
0.9500 
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p i PPi 

Cl — cy 


1 Cl /I 

1.3 14 (3) 


/ • 1 PO 

CI — CZ 


1.330 (3) 


Z" 1 1 I I 1 

CI — HI 


l.UUUU 
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C2 — C 1 3 
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po in 

CZ — HZ 
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U.y3UU 


PC p/- 

CD — CD 


1 i no 
l.iyo (o) 
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v J — n j 


U.7JUU 


C6 — C7 


1.394 (6) 


C6 — H6 


0.9500 


C7 — C8 
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C7 — H7 


0.9500 


C8 — H8 


0.9500 


s \ ") rji p. i 

Do — r 1 — Ul 
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1 IZ.io (lo) 
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11 /.oZ (1 /) 
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1 1 A A 
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p i pt no 
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1 A"7 /; 
10 1.0 


PQ pi p /I 

Co — CJ — C4 


1 1 O O //I \ 

116.6 (4) 


PQ pi T>1 

Co — Co — r 1 


122.2 \$) 


P/1 p"2 T>1 

C4 — Ci — r 1 


1 1 A A /I \ 

i iy.0 (3) 


PC p /I pQ 

CD — C4 — C3 


121.0 (4) 


PC p/1 O /I 

CD — C4 — H4 


1 1A C 

ny.5 


pi p /i 1 1 1 
C3 — C4 — H4 


ny.5 


P/l PC P/T 

C4 — CD — Co 


1 1 A /I /"/I \ 

i iy.4 (4) 


p A PC T TC 

C4 — C5 — H5 


120.3 


C6— C5— H5 


120.3 


C7— C6— C5 


120.3 (4) 


C7— C6— H6 


119.9 


C5— C6— H6 


119.9 


C8— C7— C6 


120.0 (4) 



pn p 1 1 
C1Z — C13 


1 1 Ol f£\ 

1.3o3 (o) 


pn i m 
C1Z — HlZ 


U.y3UU 


pn pi i a 

C13 — C14 


1 im \ 
L.jyZ (o) 


pn Tin 

C 1 3 — H 1 3 


n nenn 
U.93UU 


pi 1 A TT 1 /I 

C14 — H14 


U.y3UU 


pic pop. 

C 1 3 — CZU 


1.3y4 (3) 


p i c p 1 / 
C 1 3 — C 1 0 


1 IOC /C\ 

i .3y3 p j 


pi/: pin 

ClO — Cl / 


1 inn 

i.3yy (o) 


pi/: ii]/ 
C 1 0 — H 1 O 


U.y3UU 


pn pi o 
C 1 / — C 1 o 


1 1*7/1 

1.3 /4 (o) 


CM H17 


U.7JUU 


C18 — C19 


1.389 (6) 


C18 — H18 


0.9500 


C19 — C20 


1.390 (6) 


C19 — H19 


0.9500 


C20 — H20 


0.9500 


r^i r^o uo 
C3 — C6 — n6 


1 1 A n 

i iy. / 


c 1 4 — cy — C 1 0 


nn; ( a\ 

ny.5 (4) 


/~1 1 y] /^A / - 1 

ci4 — cy — ci 


line /t\ 

ny.5 (3) 


piA /^A / ' 1 

cio — cy — ci 


1 OA A \ 

120.y (3) 


/^a riA pi i 

cy — c i u — c 1 1 


hah //i\ 

iiy./ (^4) 


/^A nn uia 

cy — c i o — h i o 


1 1A 1 

120.2 


/ill /—i 1 A TT1A 

Cll — CIO — H10 


1 TA T 

120.2 


C12 — Cll — CIO 


120.0 (4) 


C12 — Cll — nil 


1 1 A "7 

iiy./ 


pin n i ui i 
CIO — Cll — nil 


1 1 A "7 

iiy./ 


ni pi i n i 
C13 — C12 — Cll 


1 1 A "7 i A \ 

iiy./ (4) 


pii rn un 
C13 — C12 — H12 


1 in i 
120.2 


P11 pit un 
Cll — C12 — H12 


1 in i 
120.2 


pi i pii pii 
C12 — C13 — C14 


1 in n i a \ 
120.0 (4) 


pn pi i tt 1 1 
C12 — C13 — H13 


1 in n 
12U.U 


PH pn T_T11 

C 14 — C 1 3 — ti 1 3 


1 in n 
120.0 


PA P 1 /I PIT 

cy — C 1 4 — C 1 3 


1 in A ( A\ 
120.4 (4) 


PA P 1 A T_T 1 /I 

cy — C 1 4 H 1 4 


1 1 A O 

ny.6 


PIT P1/1 T_T1/1 

C13 — C14 — H14 


1 1 A O 

i iy.6 


P1A pif p 1 /; 

C20 — C 1 5 — C 1 o 


1 1 O O { A\ 

116.6 (4) 


P1A pir PT 

C20 — C 1 5 — C2 


1 1 O A /"3\ 

116.4 (i) 


ptl/ PIC PT 

C 1 0 — C 1 5 — C2 


111 /; pi\ 
122.0 (i) 


PK pi<r pn 

C 1 5 — C 1 0 — C 1 / 


1 1A 1 1 A \ 

120.1 (4) 


PK pi/ T_T1/: 

C 1 5 — C 1 o — ti 1 0 


1 1A A 

120.0 


pn pu ui/: 
C 1 / — C 1 0 — ti 1 0 


1 1A A 

120.0 


pio pn P1£ 
C 1 6 — C 1 / — C 1 0 


1 1A T i A \ 

120.3 (4) 


PIO PIT TJ1 1 

C 1 6 — C 1 / — ti 1 / 


1 1 A O 

i iy.6 


C16— C17— H17 


119.8 


C17— C18— C19 


120.3 (4) 


C17— C18— H18 


119.8 


C19— C18— H18 


119.8 


C18— C19— C20 


119.5 (4) 


C18— C19— H19 


120.2 
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C8 — C7 — H7 


120.0 


C20 — C19 — H19 


120.2 


C6 — C7 — H7 


120.0 


C19 — C20 — C15 


120.9 (4) 


C7 — C8 — C3 


120.6 (4) 


C19 — C20 — H20 


119.5 


C7 — C8 — H8 


119.7 


C15 — C20 — H20 


119.5 


Oi — r 1 — Ul — CI 


1/11 1 /">\ 

143.1 (z) 


C4 — C3 — to — C / 


U.z (o) 


Oz — r 1 — Ul — CI 


1 A A 

IV. U (z) 


n i pi po r^i 
r 1 — C3 — to — C / 


_ 1 /o.o (3) 


C3 — r 1 — Ul — CI 


— yU.3 (3) 


p. 1 p i pn p 1 i /i 

ui — ci — cv — ci4 


1 1 A A ( A \ 

— i3y.y (4) 


U3 — r 1 — Ol — Cz 


— iio.y (3) 


Cz — C 1 — CV — C 1 4 


1 AA O (A \ 
1UU.O (4) 


r\i T>1 /~*T /^T 

U 1 — r 1 — Ol — Cz 


1 1 

1.1 (2) 


p. i pi pa nn 

oi — ci — cy — ciu 


A 1 A /C\ 
41. U (j) 


/^i T>1 /~n 

C3 — r 1 — Ol — Cz 


114.1 (z) 


/ • -> pi pa nn 

cz — c i — cy — c i u 


*70 /I fA\ 

— /o.4 (4) 


rl — Ul — CI — CV 


1 CO 1 

-1D5.1 (Z) 


p i /i pn p 1 a p i i 

c 1 4 — cy — c i u — c 1 1 


1.6 (6) 


r 1 — Ul — CI — Cz 


11 A (1 \ 

-31.4 (3) 


( • i pn p 1 a p 1 1 

ci — cy — c i u — c 1 1 


—i /y.3 (3) 


r 1 — Ol — Cz — C 1 5 


1 1 A A 

1 1U.U (3) 


PO pin p i i nn 

cy — C 1 u — C 1 1 — C 1 Z 


—U.j (o) 


r 1 — Ol — Cz — C 1 


1 O O (1 \ 

— lo.o (3) 


nin P11 pn pi 1 

CIU — CI 1 — Clz — C13 


-U.3 (o) 


0 1 — CI — Cz — Ol 


30.1 (3) 


pi i pn p 1 0 P1/1 

CI 1 — Clz — C13 — C14 


A 1 

0.1 (6) 


r*a r^T r\^> 
cy — C 1 — Cz — Ol 


1 n cx\ 
1 5Z.U (J j 


pin pn p 1 /I pi i 

c i u — cy — C 1 4 — C 1 3 


-1.8 (6) 


/~u r^T pi c 
Ul — CI — Cz — CO 


— y3.z (4) 


p i pn p i /i p i -> 

c i — cy — C 1 4 — C 1 3 


1 *7A 1 //I \ 

i /y.i (4) 


cy — c i — Cz — c 1 5 


ZO.O (5) 


ph p i o p i /i pa 

c i z — c 1 3 — c 1 4 — cy 


1 A /£\ 

1.0 (6) 


f\l ill r^i ro 
U3 — Fl — C3 — Co 


Iff A 

-155.4 (3) 


p.~> p-v pi c p^)A 

Uz — Cz — C 1 j — CzU 


1j/./ (3) 


/~i 1 ni /^i ro 
Ul — r 1 — CI — Co 


/0.3 (4) 


p i PT p 1 c po A 

C 1 — Cz — C 1 j — CzU 


Q1 1 

— oz.l (4) 


Uz — r 1 — CI — Co 


Tf ^ / A\ 

— Z5.4 (4) 


(\~) pi pic pi /; 

Uz — Cz — C 1 j — C 1 o 


ITT /CA 

-17.2 (5) 


U3 — r 1 — C 3 — C4 


Tf f 

Z5.5 (4) 


p i ( ") rK pi/: 

C 1 — Cz — C 1 j — C 1 o 


1 A1 A / /I \ 

1U3.U (4) 


Ul — r 1 — C3 — C4 


-100.0 (3) 


Pin pic p i z p i -7 

CzU — C 1 j — C 1 o — C 1 / 


1 A f£\ 

-1.0 (6) 


Uz — r 1 — C3 — C4 


iff f /"3\ 

155.5 (3) 


/ • "> pi r pi / pn 
Cz — C 1 j — C 1 o — C 1 / 


1 "71 A //l \ 

i /3.y (4) 


pn /tj /^/i pc 

C8 — C3 — C4 — C5 


-0.6 (6) 


PI r p i r P1*7 p| o 

C15 — C16 — C17 — C18 


U.o (6) 


PI— C3— C4— C5 


178.5 (3) 


C16— C17— C18— C19 


0.5 (7) 


C3— C4— C5— C6 


1.0 (6) 


C17— C18— C19— C20 


-1.2 (6) 


C4— C5— C6— C7 


-1.1 (6) 


C18— C19— C20— C15 


0.7 (6) 


C5— C6— C7— C8 


0.7 (6) 


C16— C15— C20— C19 


0.4 (6) 


C6— C7— C8— C3 


-0.3 (6) 


C2— C15— C20— C19 


-174.8(4) 



Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the C15-C20 ring. 



D—H-A D — H 

CI— Hl-03' 100 

C2— H2-03' 1.00 

C12— H12-Cgl" 0.95 

C12— H12-C18" 0.95 



Symmetry codes: (i) x, y+\,z; (ii) -x+\,y+\l2, -z+3/2. 



R-A D-A D—H-A 

2.59 3.248 (5) 123 (3) 

2.29 3.115 (5) 139 (3) 

2.94 3.838 (5) 158 (3) 

2.83 3.585 (6) 138 (3) 
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